Purpose: This study aimed to determine the interaction among the neck, trunk, and lower extremities on the non-paretic side in head rotation along with non-paretic-side weight shifting of stroke patients. To compare stroke patients' ability to control posture through muscle activity variation related to pertubation during head rotation along with the non-paretic limb. Methods: We tested 15 hemiplegic patients and 15 normal individuals. Each group's muscle activity was measured by electromyography in neutral head position and head rotation position. We compared each group's resu lt based on measured values in patients' non-paretic neck muscles, trunk muscles, and lower limbs muscles activation.
INTRODUCTION
Visual stimulation during daily activities when searching the surrounding environment requires balance in the standing position 1, 2 and horizontal visual movement is related to movements of other objects in the retina and results in controlled agitation. 2 Movements through synchronization between the eyes and head are transferred into the neck and trunk, thereby enabling coordination in the motions of the four limbs, and include muscles in neck and head. 3, 4 Stroke patients experience changes in movements and stability through coordination of the head, trunk, and pelvis, which are required to move the body's weight, 5, 6 dominant use of the non-paretic side due to a lack of balance control ability results in asymmetrical body weight support. 7 Postural control provides stability, as it gives a reference frame to move the head or four limbs selectively 8 and control between connected segments is highly important for balance. Stroke patients have asymmetric body and muscle tone sclerosis, as well as sensory and motor nerve deficiencies. 9 Damage to motor and sensory functions is a general symptom of stroke, representing a great obstacle to postural control and task-oriented activities. 10 Due to the damage moving the body weight to the non-paretic side during balance and gait performance. 11 Dault et al. 12 discovered that postural sway was found in the forehead of acute stroke patients and medial-lateral sway was related to asymmetry in chronic stroke patients. Furthermore, Anouk et al. 13 showed a significant difference in postural control of voluntary head movements in the standing position between normal persons and stroke patients. In addition, Nicolas et al. 14 and Geiger et al. 15 studied sway characteristics due to asymmetric weight support and found that participants had more load on the non-paretic side.
As described above, most previous studies have focused on postural control on the paralyzed side against sway motion, as well as asymmetry in stroke patients. Thus, this study aimed to determine the interaction among the neck, trunk, and lower extremities on the non-paretic side in head rotation along with non-paretic-side weight shifting of stroke patients.
METHODS

Study subjects
The subjects of the present study were 15 patients with hemiplegia due to stroke who satisfied the study criteria, selected from patients who were admitted and treated with physical therapy in K Hospital in Daegu, Korea, and 15 normal persons whose ages were similar to those of the stroke patients. The subjects were informed about the test objectives and tasks and gave consent prior to the test. No significant differences in homogeneity and normality tests were found between the groups of subjects (p> 0.05) ( Table 1 ). The motor function and cognitive function of the subjects indicating Berg Balance Scale (BBS), Motor Assessment Scale (MAS), and Minimal Mental State Examination-Korean (MMSE-K) were as follows ( Table 1 ).
The selection criteria for the subjects were as follows: (1) were calculated from the data obtained as described above and compared with each other.
2) Muscle activity measurement region and method
To determine muscle activity in the neck, trunk, and lower ex- Subjects rotated their heads to the sound actively and maintained the position for 5 seconds while the muscle activities in neck, trunk, and lower extremities were recorded. The subjects' arms were resting comfortably on the greater trochanter of the femur. Every motion was performed three times iteratively to measure muscle activity. 
Statistics
The data acquired in this study were statistically processed using SPSS Version 14.0. The general characteristics of the study subjects were analyzed via descriptive statistics and an independent sample t-test was used to determine differences in muscle activities of the neck, trunk, and lower extremities between stroke patients and normal individuals. Furthermore, the Pearson correlation coefficient was used to determine correlation between muscle activities in the neck, trunk, and lower extremity on the non-paretic side of stroke patients. The statistical significance level, α, was set as p < 0.05.
RESULTS
Comparison of muscle activities between groups during head rotation
To compare muscle activities in the neck, trunk, and lower extremities during head rotation, muscle activities in SCM, SP, EOB, IOB, ES, PL, and GCM were measured. Muscle activities on the non-paretic side were measured for the group of patients with hemiplegia, while muscle activities on the dominant side were measured for the normal group and their %RVC values were compared.
1) Comparison of muscle activities in the neck between groups
The normal group showed increases in muscle activities in the SCM and SP of 102.26% and 97.93%, while the hemiplegia group exhibit increases of 53.00% and 54.93%, and there were statistically significant differences in both the SCM and SP compared to the normal group (p < 0.05) ( Table 2) .
2) Comparison of muscle activities in the trunk between groups
The normal group demonstrated increased muscle activities in the ES, EOB, and IOB of 241%, 256.66%, and 252.80%, while the hemiplegia group had increases of 127.6%, 152% and 152.6%; statistically significant differences compared to the normal group were seen in all of these muscles (p < 0.05) ( Table 2 ).
3) Comparison of muscle activities in the lower extremities between groups
The normal group exhibited increases in muscle activities in the PL and GCM of 117.53% and 119.06%, while the hemiplegia group showed increases of 137.13% and 137.20%. The differences between the hemiplegia group and normal group were statistically significant (p < 0.05) ( Table 2 ).
Comparison of the correlation with muscle activities on the non-paretic side of hemiplegic patients
During the muscle activity measurement using EMG, muscle activities on the non-paretic side of hemiplegic patients were measured to compare correlations with muscle activities in the neck, trunk, and lower extremities. The results showed that SCM and ES had a statistically significant correlation of 0.46, while SP and ES had a statistically significant correlation of -0.47. They also showed that the GCM and ES in the trunk and GCM and EOB had statistically significant correlations of 0.52 and 0.59, respectively (p < 0.05) ( Table 3) .
DISCUSSION
This study aimed to determine variations in stroke patients' muscle activity in the neck, trunk, and lower extremities during head rotation while non-paretic-side weight shifting. We assumed that stroke patients would have postural control problems not only on the paretic side, but also on the non-paretic side; thus, we aimed to compare postural control abilities that maintain body balance against sways caused by weight shifting through the non-paretic side of stroke patients.
In this study, muscle activities in the neck during head rotation while weight shifting exhibited a greater increase than head rotation in the standing position. For example, the SCM in the neck demonstrated increases in muscle activity of 102.26% in the normal group and 53.00% in the hemiplegic group, while the SP showed increases in muscle activity of 97.93% in the normal group and 54.93% in the hemiplegic group. This result indicated that although the hemiplegic group had lower muscle activity than the normal group, the role of their neck muscles had changed, where they had become stabilizer muscles to increase resistance against sway. Furthermore, this result indicated that muscle activity around the neck to support the head during daily activities in the standing position compensated for the instability of body balance by means of increases in muscle activity and co-contraction in neck. This result is consistent with a study by Alessander et al. 16 who proposed that although it was difficult to predict the direction and extent of head sway in medial-lateral sway, it was clear that stiffness of the neck increased in resistance against sways.
Brown et al. 18 reported the importance of coordination between trunk muscles during sudden trunk sways, while Kim et al. 19 reported that the trunk stability of stroke patients had a positive effect on subjects' dynamic balance ability. The present study indicated increased muscle activities in the ES, EOB, and IOB during head rotation of 241.66%, 256.66%, and 252.80% in the normal group and 127.60%, 152.00%, and 152.60% in the hemiplegic group. Through the above results, increased muscle activities in rotation muscles in normal and hemiplegic groups during head rotation helped to stabilize participants' trunks. This result was similar to those of a study by Duarte 20 that reported unstable trunk control in stroke patients, as well as a study result by Roby-Brami et al. 21 claiming that inefficient postural movements were caused by the limited range of motion of joints, as well as loss of appropriate coordination in trunk.
However, in this study, muscle activities in the trunk due to head rotation in the stroke group were lower than those in normal group, and the reason for this seemed to be the promotion of inefficient muscle activities on the non-paretic side caused by the flexion pattern of trunk and biomechanical characteristics of the anterior pelvic tilt, which are commonly observed in stroke patients, although they were not measured in this study.
In this study, muscle activities on the medial side of the PL and GCM in the lower extremities were measured to determine the control abilities of internal and external muscles in the ankle joints 
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head. Accordingly, the use of ankle joints-which are related to vertical stability in a static standing posture-incurs increases in lower extremity sensory inputs and muscle activities on the non-paretic side due to the reduction in muscle activities in the trunk during body sway, thereby representing a method that can be used to achieve postural control easily in standing position.
In this study, stroke patients had various postural control problems in the neck, trunk, and lower extremities on the non-paretic side due to muscle strength weakness, lack of body schema, and visual compensation. Moreover, stroke patients induced co-contraction by increasing muscle activities in the neck during sway and tended to compensate for postural instability through limited movements of the head by means postural stabilizing muscle rather than dynamic muscle function. Furthermore, appropriate coordination abilities on the non-paretic sides of stroke patients were reduced, and their postural control in the neck, trunk, and lower extremities during head rotation was different compared to that of the normal group.
The limitations of this study are as follows: The study result cannot be generalized to all stroke patients due to the small number of subjects. Moreover, comparison of muscle activities and changes in motion analysis between the paretic and non-paretic sides during weight shifting were not measured. These limitations will be overcome in future studies.
